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Abstract 

Winter  annual  cover  crops  have  been  used  successfully  to  control 
soil  erosion  and  to  provide  forage  during  winter  and  spring  on  other- 
wise idle  corn  land.  The  effects  of  late  summer  or  early  fall  seeding 
£ind  late  winter  or  early  spring  harvest  on  dry  matter  yield,  crude 
protein,  in  vitro  dry  matter  digestibility,  and  ground  cover  of  Abruzzi 
and  Wheeler  rye,  hairy  vetch,  and  Austrian  winter  field  pea  were 
measured  in  field  experiments  during  a  two-year  period  (1983  to  1985) 
at  three  locations  (Reedsville,  Morgantown,  and  Point  Pleascint)  in 
West  Virginia. 

Dry  matter  yields  of  Abruzzi  rye  harvested  in  late  April  were  28% 
higher  than  those  of  Wheeler  rye  for  all  seeding  dates  and  locations 
during  the  two-year  study.  Mean  yields  for  the  mid-September,  early 
October,  and  mid-October  planting  dates  were  2,808, 2,658,  and  1,782 
lb.  per  acre,  respectively.  Abruzzi  rye  matured  earlier  than  Wheeler 
rye  and  was  more  susceptible  to  snow  mold  fungus  at  Reedsville  during 
the  second  year  of  the  experiment.  At  Morgantown  and  Reedsville, 
mean  yields  for  field  pea  and  hairy  vetch  planted  in  mid-September 
and  harvested  in  late  April  were  670  and  934  lb.  per  acre,  respectively. 
Delaying  harvest  of  these  crops  until  22  May  at  Morgantown  resulted 
in  respective  yields  of  2,442  and  3,481  lb.  per  acre.  Field  pea  appeared 
to  be  somewhat  better  adapted  to  later  planting  than  hairy  vetch  in  that 
its  yields  from  early  October  and  mid-October  plantings  were  higher. 
Few  legume  plants  survived  the  winter  on  the  sandy  and  somewhat 
droughty  soil  at  Point  Pleasant. 

In  vitro  dry  matter  digestibility  (IVDMD)of  rye  forage  harvested 
in  late  April  usually  increased  as  seeding  date  was  delayed  from 
mid-September  (72.5%)  to  mid-October  (76.5%).  Digestibility  and 
crude  protein  values  were  always  higher  for  Wheeler  rye  than  for 
Abruzzi  rye.  Mean  digestibiUty  values  were  79.0%  for  Wheeler  and 
69.8%  for  Abruzzi.  Crude  protein  values  ranged  from  6.9  to  15.6%  for 
Abruzzi  and  from  9.8  to  18.6%  for  Wheeler.  Winter  rye  varieties 
harvested  in  an  advanced  stage  of  maturity  (in  late  May)  produced 
poor  quality  forage.  Crude  protein  concentrations  ranged  from  3.9  to 
6.9%,  and  IVDMD  ranged  from  44.8  to  55.2%.  These  values  were 
significantly  lower  than  those  for  rye  harvested  in  late  April.  Digest- 
ibility juid  crude  protein  values  for  the  winter  annual  legumes  were 
usually  higher  than  those  for  the  rye  V2irieties.  Digestibility  values  for 
forage  harvested  in  late  April  ranged  from  76.6  to  86.0%  for  field  pea 
and  from  72.9  to  83.4%  for  hairy  vetch.  Crude  protein  values  ranged 
from  15.7  to  27.0%  for  field  pea,  and  from  17.2  to  26.0%  for  hairy  vetch. 
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Rye  varieties  provided  more  ground  cover  during  winter  than 
field  pea  £ind  hairy  vetch.  Ground  cover  of  winter  rye  varieties  two 
months  after  seeding  was  greater  than  78%  at  all  locations  for  the 
mid-September  and  early  October  plantings. 

Differences  in  forage  yield  and  quidity  of  the  rye  varieties  ap- 
peared to  be  related  to  their  difference  in  maturity.  Based  on  the  data 
collected,  Abruzzi  rye  must  be  hcu^ested  earUer  than  Wheeler  rye  to 
optimize  yield  of  quahty  forage.  Rye  varieties  should  be  chosen  based 
upon  expected  planting  date  of  corn.  Abruzzi  rye  should  be  the  choice 
for  early-planted  corn  and  Wheeler  rye  the  choice  for  late-planted 
corn.  Rye  should  be  planted  on  or  before  October  1.  Hairy  vetch  and 
field  pea  provided  a  significant  amount  of  forage  when  harvest  was 
delayed  until  late  May.  Wmter  annual  legumes  should  be  planted  in 
mid-September  or  earlier  because  they  establish  slowly. 
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YIELD  AND  QUALITY  OF 

WINTER  ANNUAL 

FORAGES 

Julio  0.  Medal  and  John  A.  Balasko 

Introduction 

Ruminant  livestock  production  in  West  Virginia  generates  about 
50%  of  the  cash  receipts  from  farm  sales  (West  Virginia  Department 
of  Agriculture,  1987).  Producers  choose  and  manage  forages  that  are 
used  for  livestock  production  based  on  economic  considerations, 
avaUabihty  of  resources,  and  other  factors. 

Traditionally,  corn  grown  for  silage  in  West  Virginia  is  harvested 
in  late  summer  or  fall.  Much  of  the  land  devoted  to  this  crop  Ues  idle 
and  is  subject  to  erosion  during  the  winter  season.  Furthermore, 
farmers  often  face  shortages  of  forage  during  late  winter  and  early 
spring  and  begin  grazing  when  temperatures  are  not  warm  enough  to 
allow  for  rapid  plant  growth.  Additional  erosion  occurs  as  a  result  of 
overgrazing. 

Planting  winterannual  crops  in  late  sunmiei^qrfallisjan  alterna- 
tive managemenfpractice  that  can^beTused  to  provide  forage  during 
late  winter  and/or  early  spring.  Both  grass  and  legume  species  Eire 
available.  Winter  j^e  (Secale  cereale  L.)  matures  earlier  and  is  better 
able  to  survive  wintei^  conditions  in  West  Wginia  than  other  small 
grains.  Forage  legumes  that  have  been  used  in  different  regions  of  the 
United  States  are  field  pea  (Pisunt  sativum  subsp.  arvense  (L.)  Poir.) 
and  hairy  vetch  {Vicia  villosa  Roth).  In  addition  to  providing  ground 
protection  during  the  winter,  winter  annual  legumes  may  also  provide 
a  significant  amount  of  high  quahty  forage  and  fixed  nitrogen  that  will 
be  available  to  the  subsequent  crop. 


One  of  the  most  important  factors  affecting  winter  survival  and 
plant  development  is  time  of  planting;  therefore,  experiments  were 
conducted  in  West  Vu-^a  to  evaluate  the  effects  of  late  summer  and 
fall  seeding  dates  on  forage  yield  and  quality  of  winter  rye^Jield  pea, 
and  hairy  vetch  harvested  during  late  winter  or  early  spring.  Ground 
cover  provided  by  the  winter  forages  was  also  estimated^ 
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Rye 

W^ter  cereals  are  used  for  winter  and  early  spring  pasture  in 
many  regions  of  the  U.S.  (Briggle,  1959).  They  provide  opportunities 
for  grazing  when  other  pastures  are  semidormemt  and  unproductive. 
Studies  in  the  northern  U.S.  and  Canada  (Klebesadel,  1969;  Gusta  and 
Fowler,  1976;  Agriculture  Institute  of  Canada,  1982)  have  shown  that 
winter  rye  is  the  most  valuable  of  the  fall-sown  winter  cereals  for 
extending^  the  grazing  season  because  it^  is  more  \\jnter-hardy  than 
wheat_(7>7ft"cMm  aestivum  L.),  barley  {Hordeum  vul^reH^J^^ind  oat 
(Avena  sativa  L.).  Rye  grows  rapidlyjnearly-spring,  and  it  yield&jwell. 

Smith  (1974)  compared  the  yields  of  five  triticale  varieties,  Arthur 
wheat,  and  Balbo  rye  planted  in  the  fall  at  Knoxville,  Tennessee  for  a 
two-year  period.  Balbo  rye  yielded  an  average  of  892  lb.  per  acre  more 
forage  than  the  next  highest  variety.  Sprague  (1954)  found  that  in  New 
Jersey,  rye,  wheat,  and  oat  produced  forage  in  approximately  a  3:2:1 
relationship.  He  concluded  that  the  forage  production  of  rye  (3,043 
lb.  per  acre)  and  wheat  (1,911  lb.  per  acre)  made  a  significant  contribu- 
tion to  the  forage  needs  of  a  farm  for  the  period  considered.  This  study 
also  indicated  that  when  rye  and  wheat  were  grazed  in  both  fall  £ind 
spring,  approximately  one-third  of  the  forage  was  produced  in  fall  and 
two-thirds  in  spring. 

Bishnoi  (1980)  studied  the  effect  of  seeding  rates  and  row  spacing 
on  forage  production  of  Wrens  Abruzzi  rye,  6TA  131  triticale,  and 
Arthur  71  wheat  in  Alabama.  Yields  tended  to  increase  with  increases 
in  seeding  rate  (45  to  90  lb.  per  acre)  and  with  a  decrease  in  row  spacing 
(10  to  5  inches).  The  rye  produced  the  highest  forage_)deld  (4,335  lb. 
per  acre)  across  all  seeding  rates  and  row  spacings.  Rye  yield  was  8 
and  9%  higher  than  wheat  and  triticale  yields,  respectively.  A  similar 
trend,  but  with  larger  differences,  was  found  by  Brown  and  Ahnodares 
(1976)  in  a  two-year  experiment  conducted  in  Georgia.  In  both  years, 
Athens  Abruzzi  rye  yielded  significantly  more  than  varieties  of  triticale, 
wheat,  and  oat.  In  contrast,  Bishnoi  and  Hughes  (1979),  in  Alabama, 
found  that  average  forage  yields  of  winter  rye  (3,273  lb.  per  acre)  and 
winter  triticale  (3,181  lb.  per  acre)  did  not  differ  significantly  and  that 
both  exceeded  wheat  forage  yield  by  more  than  20%.  Fribourg  et  al. 
(1982)  found  that  the  average  dry  matter  yields  of  rye  varieties  (3,849 
lb.  per  acre)  in  Tennessee  were  6%  lower  than  those  obtained  with 
barley  varieties  and  about  the  same  as  those  obtained  with  wheat  and 
oat  varieties. 


In  a  review  of  rye  in  the  southeastern  states,  Morey  (1972)  con- 
cluded that  for  early  grazing,  rye  should  be  planted  as  early  as  pos- 
sible —  late  August  in  north  Georgia  and  September  in  central  Georgia. 
Briggle  (1959)  found  that  when  rye  is  plemted  as  a  cover  crop,  seeding 
early  in  the  fall  allows  for  growth  which  will  provide  protection  of  the 
soil  during  the  winter  months. 

Rye  is  more  productive  on  infertile,  sandy,  and  acid  soils  than  are 
/wheat,  oat,  or  barley  (Briggle,  1959).  Rye  will  grow  on  a  wide  range  of 
soil  types  with  adequate  drainage.  Morey  (1972)  found  that  a  pH  of 
5.6  to  6.5  was  optimum  for  growing  rye. 

Fall-sown  rye  is  susceptible  to  a  cool-weather  disease  known  as 
pink  snow  mold  or  Fusarium  patch,  caused  by  a  fungus  formerly 
assigned  as  Fw^anwm  spp.  (Westcott,  1971).  Recently  the  causal  agent 
was  reassigned  from  the  genus  Fusarium  to  Gerlachia  (Smiley,  1984). 
Plants  are  infected  in  the  winter  by  wind  blown  ascospores  or  by 
mycelia  growing  on  previously  infected  residue.  Cool,  wet  weather 
conditions  promote  this  disease.  It  has  also  been  associated  with  a 
snow  cover  persisting  for  long  periods  (Nyvall,  1979;  Smiley,  1984). 

Smith  (1974)  in  Tennessee  compcired  crude  protein  concentration 
of  fall-planted  cereals  harvested  at  different  stages  of  growth.  Rye 
forage  contained  21  to  23%  crude  protein  when  harvested  in  early 
/spring,  and  its  crude  protein  concentration  was  reduced  to  15%  when 
'  the  harvest  was  delayed  until  the  middle  of  May.  The  same  investigator 
evaluated  the  effect  of  seeding  dates  on  crude  protein  concentration 
of  five  triticale  varieties,  a  wheat  variety,  and  Balbo  rye.  The  average 
crude  protein  percentage  of  the  varieties  tested  was  significantly  higher 
when  planted  10  October  than  when  planted  6  November  1972,  and 
harvested  in  the  vegetative  growth  stage  on  2  April  1973.  The  author 
stated  that  the  average  percentage  of  protein  of  forage  from  either 
planting  date  was  acceptable  with  regard  to  quality  standards.  Con- 
trary to  these  results,  Klebesadel  (1969)  found  that  the  crude  protein 
concentration  (20-26%)  of  winter  rye  forage  growing  in  south-central 
Alaska  was  not  influenced  by  planting  date. 

In  Georgia,  Brown  zmd  Almodares  (1976)  found  that  the  crude 
protein  concentrations  of  rye  forages  were  similar  to  those  of  wheat, 
oat,  and  triticale  at  comparable  growth  stages,  with  a  few  exceptions. 
Average  crude  protein  percentages  of  rye  forage  harvested  7  Decem- 
ber and  22  January  were  29.6  and  25.3,  respectively.  Values  decreased 
to  11.9%  when  forage  was  heirvested  10  April.  This  value  is  similar  to 
the  crude  protein  value  of  10.5%  assigned  by  the  National  Academy  of 
Science  (1971)  for  rye  hay  in  a  dough  stage.  It  is  lower  than  the  crude 
protein  concentration  reported  by  Kimber  (1%5)  for  April  rye  forage 
(14,9%)  or  April  rye  regrowth  (16.6%)  in  England.  In  conclusion,  the 


crude  protein  concentration  of  rye  forage  appears  to  be  of  the  same 
magnitude  as  that  of  other  cereals,  and  it  is  influenced  by  seeding  and 
harvest  dates. 

K  number  of  workers  have  pointed  out  that  digestibility  of  forage 
dry  matter  declines  with  plant  maturation.  For  example,  Kimber  (1965) 
reported  that  digestibility  of  rye  dry  matter  decreased  from  80.4% 
when  harvested  in  early  March  to  73.2%  when  harvested  a  month  later 
jnEngland. 

Austrian  winter  pea 

Legumes  seeded  alone  or  in  mixtures  with  perennial  grasses  or 
small  grains  have  received  renewed  interest  as  green  manure  crops  in 
different  regions  of  the  U.S.  because  of  the  increasing  cost  of  nitrogen 
fertilizers  (Auld  et  al.,  1982).  In  addition,  they  often  provide  forage  in 
late  winter  or  early  spring  (Markarian  and  Andersen,  1966).  Field  pea 
and  vetch  are  among  the  most  winter-hardy  annual  forage-legume 
crops.  A  pea  that  is  capable  of  surviving  severe  winters,  mainly  with 
adequate  snow  cover  present,  is  Austrian  winter  field  pea.  It  was 
introduced  into  Idaho  from  Austria  in  1932  (Slinkard  and  Murray, 
1979).  It  is  used  as  hvestock  feed  mainly  in  the  northern  states  from 
New  York  west  to  Washington  and  Oregon.  In  the  southern  states 
(cotton  belt),  it  has  been  used  as  a  green  manure  crop.  Researchers  at 
the  University  of  Idaho  have  promoted  new  varieties  of  this  crop  and 
improved  management  practices  for  its  use.  Austrian  winter  field  pea 
grows  well  on  clay  loam  soils  with  adequate  drainage  and  on  fertilized 
sandy  loam  soils  of  neutral  or  sUghtly  acidic  reaction  (Martin  et  al., 
1976). 

Auld  et  al.  (1982)  evaluated  four  Austrian  winter  pea  lines  planted 
in  the  fall  and  spring  in  Idaho.  They  found  that  the  lines  produced  an 
average  of  11,596  lb.  of  organic  matter  per  acre  when  planted  in  fall, 
and  only  6,155  lb.  per  acre  when  planted  in  spring.  Similar  results  were 
obtained  by  Heneise  and  Murray  (1980).  They  reported  that  in  Idaho, 
spring-planted  Austrian  winter  pea  produced  about  one-third  to  one- 
half  as  much  as  fall-planted  pea.  Auld  et  al.  (1982)  found  that  late 
summer  planting  (2  September)  of  pea  produced  an  organic  matter 
yield  71%  higher  than  that  obtained  from  early  fall  planting  (4  Oc- 
tober). 

In  Alabama,  Funchess  (1928)  found  that  Austrian  pea  yielded 
more  than  twice  as  much  as  hairy  vetch  and  that  dry  matter  yields 
decreased  as  date  of  seeding  was  delayed.  In  contrast,  Albrecht  (1942) 
reported  an  average  dry  matter  yield  of  7,553  lb.  per  acre  for  hairy  vetch 
which  was  13%  higher  than  the  average  yield  obtained  for  Austrian 


winter  pea  over  a  15-year  period  in  three  regions  of  Alabama.  The 
study  ofFunchess  (1928)  also  showed  that  dry  matter  yields  decreased 
as  the  date  of  seeding  was  delayed. 

The  protective  influence  of  snow  cover  was  evident  from  the 
study  conducted  by  Markarian  and  Andersen  (1966)  at  East  Lansing, 
Michigan.  They  found  that  when  Jiir  temperature  was  below  freezing, 
even  a  Ught  snow  cover  had  a  stabilizing  effect  on  soil  temperature, 
preventing  the  soil  from  freezing.  Data  showed  that  v£U"iable  depths  of 
snow  resulted  in  differential  plant  survival  in  segregating  pea  popula- 
tions. Similar  results  were  obtained  by  Auld  et  al.  (1983b).  They  found 
an  average  survival  of  96%  in  winter  pea  lines  that  were  protected 
during  most  of  the  winter  by  snow  cover.  The  degree  of  freezing  injury 
depends  on  the  degree  of  coldness  and/or  the  length  of  exposure 
(Hagerdon,  1984).  If  pea  plants  are  subjected  to  gradual  cooling 
conditions,  young  plants  may  become  acclimatized  or  cold-hardened. 
They  then  are  better  able  to  withstand  exposure  to  colder  temperatures 
without  apparent  injury,  than  plants  growing  in  warmer  temperatures 
and  exposed  suddenly  to  cool  weather.  Swensen  and  Murray  (1983) 
found  that  all  spring  pea  seedlings  were  killed  at  temperatures  of  16 
and  10  °F  and  that  pea  survival  averaged  less  than  5%  at  21  °F.  Survival 
of  winter  pea  seedlings  after  4  weeks  of  being  subjected  to  freezing 
temperatures  of  21, 16, 10  °F  were  91, 62,  and  7%,  respectively. 

Klages  (1928)  compared  winter-hardiness  of  20  species  and 
varieties  of  pea  and  vetches  in  Oklahoma,  and  showed  that  only  the 
Austrian  field  pea  and  two  varieties  of  vetches  (hairy  vetch  and 
woolly-podded  vetch)  were  capable  of  surviving  winter  conditions 
without  showing  a  significant  percentage  of  winter  kill.  The  failure  of 
the  non-hardy  varieties  was  attributed  to  the  combined  effect  of  low 
temperatures  and  dry  winds  which  produced  a  rapid  desiccation  of  the 
plants. 

Murray  et  al.  (1978),  found  that  early  seeding  (September)  of 
winter  pea  in  Idaho  cdlowed  greater  vegetative  growth  than  late  seed- 
ing, £md  also  increased  the  chance  of  winter  survival.  A  study  con- 
ducted in  England  by  Dowker  (1%9)  to  evaluate  the  effect  of  fall 
seeding  dates  on  winter  survival  of  field  pea  indicated  that  there  was  a 
significemt  interaction  between  time  of  sowing  and  variety. 

Carter  and  Larson  (1964)  pointed  out  that  the  protein  concentra- 
tion of  field  pea  hay  is  similar  to  that  of  zilfalfa  hay,  when  both  crops 
are  cut  at  comparable  growth  stages.  Henderson  and  Davies  (1955) 
found  crude  protein  values  of  25.1, 22.3,  and  19.7%  for  vegetative,  full 
flower,  and  fully  developed  seed  growth  stages,  respectively. 

Thorlacius  cmd  Beacom  (1981),  conducted  digestibihty  trials  with 
lambs  to  evaluate  the  feeding  value  of  field  pea,  com,  and  oat  silages 


in  Saskatchewan,  Canada.  They  found  that  field  pea  silage  had  an 
organic  matter  digestibility  of  72.6%.  Average  values  of  62.4  and 
68.4%  were  obtzdned  for  oat  and  corn  silages,  respectively. 

Hairy  vetch 

Vetches  are  native  to  southern  Europe  and  adjacent  parts  of  Asia 
and  Africa,  and  are  currently  widely  distributed  in  temperate  regions 
of  the  world  (Heath  et  al.,  1985).  They  belong  to  the  genus  Vicia  which 
comprises  about  150  species.  Some  36  species  of  native  or  naturalized 
vetches  are  grown  in  North  America.  Most  of  the  commonly  grown 
vetches  are  annuals.  In  the  U.S.  vetches  have  been  grown  mainly  as 
winter  cover  crops,  and  to  some  extent  for  hay,  silage,  and  pasture. 
Vetches  produce  well  on  Ught  sandy  soils  and  heavier  soils,  and  they 
are  more  tolerant  of  acid  soil  conditions  than  most  legume  crops 
(McKee  and  Schoth,  1961).  They  respond  to  P  and  K  fertilizer  applica- 
tions on  soils  showing  low  levels  of  these  elements  (USDA,  1948). 
Many  of  the  diseases  and  insects  affecting  other  forage  legiunes,  also 
attack  vetches  (Heath  et  al.,  1985). 

Hairy  vetch  is  the  most  commonly  grown  vetch  in  the  U.S.,  2md 
it  is  the  most  winter-hardy  of  the  commercial  vetches.  It  is  the  only  one 
that  is  recommended  for  fall  planting  in  the  northern  U.S.  (McKee  and 
Schoth,  1961).  North  of  the  40th  parallel,  from  the  Rocky  Mountains 
to  the  Atlantic  coast,  hairy  vetch  should  be  sown  in  August  or  early 
September. 

Hairy  vetch,  alone  or  in  mixture,  extends  the  grazing  season  by 
supplying  late-fall  and  early-spring  forage  (McKee  and  Schoth,  1961). 
Hermann  (1960),  in  his  review  of  the  cultivated  species  of  vetches  in 
the  U.S.,  indicated  that  they  are  particularly  pcilatable  to  hvestock,  very 
useful  as  cover  crops  for  providing  erosion  control,  and  reduce  the 
leaching  of  nutrients  during  the  winter  months. 

Ebelhar  et  al.  (1984)  conducted  a  study  in  Kentucky  from  1977  to 
1981  to  determine  the  amount  of  biologically  fixed  N  provided  to 
no-tillage  corn  by  the  winter  cover  crops,  hairy  vetch,  big  flower  vetch 
{yicia  grandiflora  W.  Koch),  and  crimson  clover  {Trifolium  incamatum 
L.).  They  found  that  hairy  vetch  produced  more  dry  matter,  with  a 
higher  N  percentage,  than  the  other  legumes.  These  researchers  es- 
timated that  hairy  vetch  supplied  biologically  fixed  N  equivalent  to 
approximately  80  to  89  lb.  per  acre  of  N  fertilizer  annually  to  corn. 
Hargrove  (1986)  found  that  hairy  vetch  top  growth  contained  136  lb. 
N  per  acre  and  that,  after  fallow,  this  N  replaced  the  equivalent  of  86 
lb.  of  N  fertilizer  for  a  subsequent  no-till  grain  sorghum  (Sorghum 
bicolor  (L.)  Moench)  crop.  Furthermore,  when  the  legume  was  chemi- 


cally  killed,  it  provided  a  mulch  that  continued  to  control  erosion, 
increase  water  infiltration,  and  decrease  evaporation  during  the  grow- 
ing season. 

Dry  matter  yields  for  species  of  vetches  have  been  estimated  to 
be  from  2,203  to  6,369  lb.  per  acre  by  the  USDA  (1948).  When  dry 
matter  yields  of  hairy  vetch  or  other  vetches  are  compared  to  those  of 
other  legumes,  there  are  some  contradictory  results.  For  example,  field 
experiments  conducted  by  Ebelhar  et  al.  (1984)  in  Kentucky  indicated 
that  hairy  vetch  produced  significantly  more  dry  matter  than  crimson 
clover  and  big  flower  vetch.  On  the  other  hand,  a  study  conducted  in 
Florida  (Dunavin,  1982)  to  compare  cool-season  forages,  indicated 
that  crimson  clover  and  2irrowlecif  clover  (Trifolium  vesiculosum  Savi) 
yielded  significantly  more  than  the  four  vetch  veirieties  tested  during  a 
2-year  period. 

Planting  heiiry  vetch  early  in  the  fall  allows  for  more  vegetative 
growth  to  accumulate  and  increases  the  chamce  of  plant  survival. 
McKee  and  Schoth  (1961)  in  their  review  of  climatic  requirements  of 
vetches,  concluded  that  winter  killing  of  any  veiriety  of  vetch  cannot  be 
associated  only  with  an  absolute  temperature  value.  There  are  several 
factors,  such  as  soil  moisture,  winter  protection,  vigor,  and  age  of  the 
plant,  that  are  directly  associated  with  winter  killing.  For  example, 
young  plants  from  late  seedings  are  often  winter-killed  while  older 
plants  of  earher  seedings  survive  without  injury.  They  stated  that  plants 
which  cU"e  growing  fast,  because  of  high  temperature  and  ample  mois- 
ture, may  receive  more  injury  from  freezing  than  plants  that  are  grow- 
ing slowly  and  have  had  a  gradual  approach  or  acclimation  to  a  period 
of  freezing.  Hairy  vetch  survives  temperatures  lower  than  0  °F  in 
regions  where  temperature  fluctuations  are  sUght  or  where  a  snow 
cover  exists. 


Materials  and  Methods 

Experiments  were  designed  to  measure  the  effects  of  late  summer 
and  fall  seeding  dates  on  yield,  crude  protein,  in  vitro  dry  matter 
digestibility  and  ground  cover  of  field  pea,  hairy  vetch  and  winter  rye. 
They  were  conducted  on  West  Virginia  University  experiment  farms  at 
Morgantown  and  Reedsville  from  September  1983  to  April  1985  and 
at  Point  Pleasant  from  September  1984  to  April  1985. 

Climate  and  soils  of  the  locations  where  the  experimental  plots 
were  estabUshed  are  presented  in  Table  1.  Weather  data  for  the  1983- 
1985  period  were  taken  from  Reedsville  experiment  farm  records  and 
from  National  Oceanographic  and  Atmospheric  Administration  bul- 
letins. Soil  samples  were  collected  at  Morgantown  and  Reedsville 
before  planting.  Results  of  the  analyses  of  these  samples  are  presented 
in  Table  2.  Prior  to  each  year's  seeding,  446  lb.  per^apr^e„of  10-20-20 
fertilizer  was  applied  to  the  soil. 

The  experimental  design  was  a  spUt  plot  with  four  repUcations. 
The  treatments  were  three  seeding  dates  (mid-September,  earlyOc- 
tober,  and  mid-  October)  and  four  varieties  (Austrian  winter  field  pea, 
cominon  haify'vetcBr,  Wrens  Abruzzirye,  and  Wheeler  rye),  arranged 
in  a  3  X  4  factorial.  The  seeding  dates  made  up  the  main  plots  and  the 
varieties  the  sub-plots.  The  plot  size  for  the  first  period  (from  Septem- 
ber 1983  to  April  1984)  was  108  square  ft.  (16.4  x  6.6  ft.),  and  plot  size 
for  the  second  period  (from  September  1984  to^April  1985)  was  72 
square  ft.  (16^4  x  4.4  ftj.  Each  plot  had  eigh^jwvs  with  10  inches 
between  rows  for  the  first  period  and  nine  rows  with  6  inches  between' 
rows  for  the  second  period. 

The  fields  were  plowed_and  harrowed  about  2  weeks  before  the 
first  seeding.  Seedings  were  made  with  a  lye  no-till  seeder  the  first 
year  and  a  small  gasoline-engine  forage  seeder  the  second  year.  Seed- 
ing rates  for  hairy  vetch,  field  pea,  and  rye  were  40,  70  and  90  lb.  per 
acr6,j:espectively. 

Legume  seeds  were  inoculated  with  the  appropriate  Rhizobia 
species  prior  to  seeding  in  the  first  year.  Seeding  and  harvest  schedules 
are  shown  in  Table  3.  Plots  (three  and  five  center  rows  for  the  first  and 
second  periods,  respectively)  were  harvested  with  a  sickle  bar  mower 
to  a  two-inch  stubble.  Rye  cultivars  were  harvestedbetween  the  boot 
and  early  flowering  stages,  and  legumes  were  harvested  between  bud 
and  early  flowering  in  late  April.  Rye  cultivar&plantcd  in  mid-Septem- 
ber  1983  were  also  harvested  in  December  1983.  An  additional  har- 
vest for  all  of  the  crops  was  made  in  late  May  1984  at  Morgantown. 
This  harvest  included  additional  treatments  (plots  harvested  for  the 


Table  1.  Descriptions,  climates,  atxi  soils  of  the  locations  where  the 
experimental  plots  were  established  in  West  Virginia*. 


Variable 


Location 


Point  Pleasant   Morgantown   Reedsville 


Elevation  (ft.) 

Longitude 
Latitude 


569 

82°08'W 
38°51'N 


1,240 

79°50'W 
39''40'N 


1,761 

79°A7'U 
39°30'N 


Climate 


Temperature  (' 
Winter 
Spring 
Summer 
Fall 


F) 


34 

32 

29 

55 

51 

49 

74 

72 

68 

56 

55 

51 

Year 


55 


52 


49 


Precipitation  (in) 

Annual  average  rainfall 
Annual  average  snowfall 

Soi  I 
Series 


Drainage 


Texture 


41.5 
17.8 

39.2 

31.8 

48.4 
57.8 

Lakin 

Lily 

Gilpin  (1983-84) 
Rayne  (1984-85) 

excessively 
drained 

moderately 
to  well 
drained 

well 
drained 

loamy  sand 

loam 

silt  loam 

*  Soil  survey  of  Jackson  and  Mason  counties.  West  Virginia  1961. 
Soil  survey  of  Marion  and  Monongalia  counties.  West  Virginia  1982. 
Climatological  surmary  of  the  Reedsville  Experimental  Farm, 
1966-1978,  unpublished  data  of  W.B,  Bryan. 
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Table  2.  Soil  analyses  of  samples  collected  prior  to  planting 
in  1983  and  1984. 


Available  macro  nutrients 


Location      Year 


Ca     Mg 


PH 


lb.  per  acre 


Reedsvi I Le 

1983 

84 

173 

3,858 

246 

6.1 

1984 

55 

76 

2,700 

14 

5.8 

Morgantown 

1983 

77 

134 

3,618 

415 

6.6 

1984 

48 

60 

4,069 

136 

6.2 

Table  3.  Schedule  of  seeding  and  harvest  dates. 

Harvest  dates 

Seeding  dates              Fall  Spring 
Morgantown 

19  September  1983     2  December  1983  20  April,  22  May  1984 

4  October  1983       20  April,  22  May  1984 

19  October  1983       20  April,  22  May  1984 

18  Septeniser  1984     24  April  1985 

5  October  1984       24  April  1985 

15  October  1984       24  April  1985 

Reedsvi lie 

15  Septennber  1983     1  December  1983  27  April  1984 

30  September  1983     27  April  1984 

14  October  1983       27  April  1984 

14  September  1984     26  April  1985 

5  October  1984       26  April  1985 

15  October  1984       26  April  1985 

Point  Pleasant 

13  September  1984     19  April  1985 

27  September  1984     19  April  1985 

11  October  1984       19  April  1985 
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first  time  in  May,  regrowth  from  April,  regrowth  from  December,  and 
second  regrowth  from  April  of  plots  also  harvested  in  December). 

A  sample  of  forage  from  each  plot  was  dried  in  a  forced-draft 
oven  at  131-151  "F  for  percent  dry  matter  determination.  Dry  matter 
yield  was  expressed  in  lb.  per  acre.  Samples  for  quality  determinations 
were  then  ground  in  a  W\[ey  mill  using  a  1  mm  screen.  Duplicate 
samples  of  0.25  g  were  used  to  measure  in  vitro  dry  matter  digestibihty 
(IVDMD)  according  to  the  procedure  outlined  by  Barnes  (1966). 
Nitrogen  concentration  of  the  forage  cultivju-s  was  measured  using  the 
Kjeldahl  procedure  (AOAC,  1970).  A  visual  estimation  of  the  percent- 
age of  ground  cover  provided  by  the  legume  forages  was  made  in  April 
1984.  During  the  second  year  of  the  study,  ground  cover  for  all  crops 
was  estimated  visually  at  monthly  intervals  during  the  growing  period. 

Data  for  each  year  and  location  were  analyzed  separately  accord- 
ing to  an  analysis  of  variance  appropriate  for  the  spUt-plot  design 
(Dowdy  and  Wearden,  1983).  Duncan's  New  Multiple  Range  Test  was 
used  to  detect  significant  differences  among  cultivars  and  seeding 
dates. 
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Results  and  Discussion 

Weather  conditions 

Temperature  and  precipitation  data,  including  snowfall,  for  Sep- 
tember through  April  1983-1984  and  1984-1985  are  shown  in  Tables  4 
and  5.  During  the  1983-1984  period,  temperatures  at  Morgantown 
were  normal  to  below  normal  with  the  exception  of  February  1984 
which  had  an  average  temperature  7  °F  above  normal.  The  1984-1985 
period  had  temperatures  below  normal  during  September,  November, 
January,  and  February.  This  period  was  characterized  by  temperatures 
warmer  than  normal  during  March  and  April,  when  plants  resumed 
growth.  These  warmer  temperatures  during  the  1984-1985  period  may 
account  in  part  for  differences  in  stage  of  growth  at  harvest  time  and 
higher  yields  of  the  winter  ryes  in  relation  to  the  1983-1984  period. 

The  total  precipitation  at  Morgantown  (Table  4)  was  similar 
during  both  periods,  but  the  monthly  distribution  was  different.  Snow- 
fall at  Morgantown  during  the  1984-1985  period  (39  inches)  was  almost 
double  that  of  the  previous  winter  (20  inches). 

Average  temperatures  at  Reedsville  during  October,  December, 
March,  and  April  of  the  1984-1985  period  were  higher  than  those 
recorded  the  previous  period.  The  total  precipitation  from  September 
1984  to  April  1985  (23  inches)  was  6  inches  lower  than  for  the  first 
period.  Snowfall  (90  inches)  was  56%  above  normal.  Heavy  snow  and 
low  temperatures  promoted  snow  mold  infestation  of  winter  rye  in 
some  low-lying  plots  seeded  in  mid-September. 

During  the  1984-1985  winter  season.  Point  Pleasant  (Table  5)  had 
temperatures  below  normal  for  the  months  of  September,  November, 
January,  and  February  and  above  normal  for  the  months  of  October, 
December,  March,  and  April.  Precipitation  was  below  normal  (1  inch) 
in  September  1984,  and  during  the  first  and  second  weeks  of  October 
there  were  two  dry  periods  of  5  and  6  days  respectively.  Of  the  total 
October  precipitation  (5.8  inches)  only  1  inch  occurred  during  the  first 
18  days  of  the  month,  which  corresponded  with  the  time  of  the  last  two 
planting  dates.  A  relatively  dry  period,  sandy  soil,  and  a  high  percent- 
age of  winter-killed  plants  were  the  factors  responsible  for  the  failure 
of  legimie  seedings  at  this  location. 

Dry  matter  yields  of  winter  forages 
harvested  in  early  spring 

Yields  generally  decreased  as  seeding  date  was  delayed  (Table  6). 
With  one  exception,  the  highest  dry  matter  yields  at  all  seeding  dates 


13 


Table  4.     Clitnatological  data  for  the  experimental  areas  at  Morgantown 
and  Reedsville,  West  Virginia  1983-1985. 


Tenperature  (' 

'F)* 

Rainfall 

I  (in) 

Month 

Year 

Max 

Min 

Mean 

Dep. 

Total 

Dep. 

Snow 
(in) 

} 

Morgantown 

Sept 

1983 

75.5 

52.4 

64.0 

-2.0 

2.1 

-1.3 

... 

Oct 

1983 

63.7 

44.0 

53.9 

-0.5 

2.2 

-0.4 

— 

Nov 

1983 

52.2 

34.8 

43.5 

-0.2 

3.2 

0.5 

0.4 

Dec 

1983 

34.6 

20.5 

27.6 

-6.6 

3.3 

0.2 

2.8 

Jan 

1984 

34.1 

21.5 

27.8 

-1.9 

1.4 

-1.6 

8.5 

Feb 

1984 

48.1 

29.9 

39.0 

7.1 

1.8 

-0.7 

2.7 

Mar 

1984 

45.8 

26.7 

36.3 

-5.1 

3.4 

-0.2 

5.6 

Apr 

1984 

60.3 

40.4 

50.4 

-2.0 

5.9 

2.4 

— 

Period 

1983- 

1984 

23.3 

20.0 

Sept 

1984 

72.4 

50.4 

61.4 

-4.6 

2.4 

-1.0 

... 

Oct 

1984 

68.5 

51.4 

60.0 

5.6 

3.8 

1.2 

— 

Nov 

1984 

50.4 

30.7 

40.6 

-3.1 

4.4 

1.7 

6.0 

Dec 

1984 

52.3 

33.5 

42.9 

8.7 

3.3 

0.2 

2.2 

Jan 

1985 

29.8 

16.8 

23.3 

-6.4 

1.5 

-1.4 

16.0 

Feb 

1985 

38.8 

21.0 

29.9 

-2.0 

1.3 

-1.2 

11.8 

Mar 

1985 

54.5 

33.4 

44.0 

2.6 

5.8 

2.1 

— 

Apr 

1985 

67.7 

43.1 

55.4 

3.0 

1.7 

-1.8 

3.0 

Period 

1984- 

1985 

24.1 

39.0 

Reedsville 

Sept 

1983 

73.8 

47.7 

60.8 

-1.6 

2.1 

-1.4 

... 

Oct 

1983 

63.9 

42.1 

53.0 

1.7 

4.0 

0.8 

... 

Nov 

1983 

53.6 

31.6 

42.6 

1.9 

5.1 

1.5 

7.2 

Dec 

1983 

35.1 

18.9 

27.0 

-5.7 

4.7 

0.2 

9.0 

Jan 

1984 

32.9 

15.6 

24.2 

-2.5 

0.8 

-2.8 

20.5 

Feb 

1984 

47.1 

25.3 

36.2 

7.7 

2.4 

-0.3 

14.0 

Mar 

1984 

43.9 

24.3 

34.1 

-5.1 

4.2 

0.4 

23.0 

Apr 

1984 

58.9 

37.3 

48.1 

-0.8 

5.6 

1.7 

— 

Period 

1983- 

1984 

28.9 

73.7 

Sept 

1984 

72.1 

46.3 

59.2 

-3.2 

1.7 

-1.8 

... 

Oct 

1984 

68.8 

48.2 

58.5 

7.2 

4.7 

1.5 

— 

Nov 

1984 

49.2 

27.1 

38.2 

-2.5 

4.6 

1.0 

13.0 

Dec 

1984 

50.7 

32.3 

41.5 

8.8 

3.1 

-1.4 

5.0 

Jan 

1985 

28.8 

14.5 

21.6 

-5.4 

0.4 

-3.2 

41.0 

Feb 

1985 

38.3 

18.0 

28.1 

-0.4 

0.7 

-2.0 

26.0 

Mar 

1985 

53.4 

31.5 

42.5 

3.2 

6.3 

2.5 

1.0 

Apr 

1985 

66.6 

39.0 

52.8 

4.0 

1.4 

-2.5 

4.5 

Perioc 

1  1984- 

1985 

22.9 

90.5 

*  Max=maxiinuai,  Min=mininKjn,  Dep=departure  from  Normal 
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Table  5.     CLimatological  data  for  the  experimental  area  at  Point 
Pleasant,  West  Virginia  1984-1985*. 


Temperature  (° 

F)** 

Rainfall 

(in) 

Month 

Year 

Max 

Min 

Mean 

Dep. 

Total 

Dep. 

(in) 

Sept 

1984 

76.4 

48.6 

62.5 

-4.3 

1.9 

-1.2 

Oct 

1984 

71.3 

52.2 

61.8 

7.0 

5.8 

3.4 

— 

Nov 

1984 

53.7 

31.0 

42.4 

-1.5 

4.3 

1.5 

— 

Dec 

1984 

53.2 

32.2 

42.7 

7.9 

3.8 

0.7 

2 

Jan 

1985 

33.1 

16.5 

24.8 

-5.8 

2.5 

— 

8 

Feb 

1985 

40.9 

16.9 

28.9 

-3.8 

2.9 

— 

10 

Mar 

1985 

57.7 

32.5 

45.1 

3.1 

3.9 

-0.1 

— 

Apr 

1985 

70.8 

42.6 

56.7 

4.3 

1.4 

-2.1 

— 

Period 

26.6 

20 

*Data  taken  from  the  Hogsett  Gallipolis  Dam  station  (NOAA  bulletins) 
**Max=maximuTi,  Min=minimun,  Dep=departure  from  normal 


and  locations  were  obtained  with  Abruzzi  rye.  When  planted  in  mid- 
September  1983  and  harvested  in  AprU  1984  at  Reedsville  and  Mor- 
gantown,  Abruzzi  rye  yielded  17%  and  84%  more,  respectively,  than 
Wheeler  rye.  During  the  second  year  of  the  study,  Abruzzi  rye  yielded 
26%  less  than  Wheeler  rye  at  Reedsville.  The  yield  reduction  was 
caused  by  a  snow  mold  fungus  disease  {Gerlachia  spp.)  that  resulted 
in  the  death  of  some  plants.  WinLex_rye  j)lanted  early  was  more 
suscepiible  than  that  planted  later.  Wheder  was  more  resistant  to  the" 
snowjnoldJfungus  than  Abruzzi.  The  cooler-than-normal  tempera- 
tures that  prevailed  during  January  and  February  1985  and  a  heavier 
annual  snowfall,  32.7  inches  above  normal  (Table  4),  that  covered  the 
ground  for  about  6  weeks  at  Reedsville  created  ideal  environmental 
conditions  for  development  of  snow  mold  disease. 

Yields  of  the  winter  ryes  were  significantly  higher  than  those  of 
thgjyjnter  legumes.  These  results  are  contrary  to  the  findings  of 
Hargrove  (1986),  who  worked  in  Georgia  with  Wrens  Abruzzi  rye  and 
,  common  hairy  vetch  planted  in  the  fall  (mid-October  and  mid-Novem- 
/  ber)  on  a  sandy  loam  soil  and  harvested  the  second  half  of  May.  He 
found  that  both  crops  produced  about  the  same  amount  of  dry  matter 
(4.4  tons  per  acre). 

Yields  of  field  pea  and  hairy  vetch  were  similar  for  the  late-April 
harvests  except  when  the  crops  were  planted  in  mid-September  1983 
at  Morgantown,  Late  planting  (early  or  mid-October)  did  not  allow 
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Table  6.  Dry  matter  yields  of  field  pea,  hairy  vetch  and  winter  rye 
forages  harvested  in  April  1984  and  April  1985. 

Seeding  date 


Crop 

Mid-Septenber 

Early  October   M 

id-October 

Morgantown-1984 

Field  pea 
Hairy  vetch 
Abruzzi  rye 
Wheeler  rye 

877 
1,591 
1,935 
1,051 

c* 
ab 

a 
be 

1,603  a 
815  b 

Reedsvi lie- 1984 

498  a 
248  a 

Field  pea 
Hairy  vetch 
Abruzzi  rye 
Wheeler  rye 

652 

897 

3,383 

zyu5 

b 
b 
a 
a 

3,099  a 
2,620  a 

Morgantown-1985 

1,306  a 
1,163  a 

Field  pea 
Hairy  vetch 
Abruzzi  rye 
Wheeler  rye 

591 

655 

4,153 

3,481 

c 
c 

a 
b 

671  c 

526  c 
4,006  a 
2,987  b 

Reedsvi I le-1985 

343  c 

254  c 
3,491  a 
2,785  b 

Field  pea 
Hairy  vetch 
Abruzzi  rye 
Wheeler  rye 

558  c 

593  c 

2,399  b 

3,244  a 

607  b 

252  b 

3,216  a 

2,890  a 

150  c 

2,603  a 

1,950  b 

Point  Pleasant -1985 

Field  pea 
Hairy  vetch 
Abruzzi  rye 
Wheeler  rye 

3,273 
2,256 

a 
b 

3,255  a 

2,091  b 

2,480  a 
1,295  b 

*Within  colunns  at  each  location,  values  followed  by  the  same 
letter  did  not  differ  at  the  0.05  probability  level  using 
Duncan's  New  Multiple  Range  Test. 
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for  the  development  of  significant  amounts  of  forage  above  the  mower 
height  at  either  Morgantown  or  Reedsville  in  1983-1984. 

Forage  yields  of  legumes  during  the  1984-1985  period  (Table  6) 
were  low  for  aU  locations  and  seeding  dates  studied.  Few  legume  plants 
survived  the  winter  at  Point  Pleasant.  Contributing  to  this  lack  of 
survival  was  a  dry,  sandy  soil  that  resulted  in  slow  and  erratic  germina- 
tion. The  later  planting  dates  seemed  to  have  more  of  an  adverse  effect 
on  hairy  vetch  yields  than  on  field  pea  yields,  although  this  trend  was 
not  significantly  different  at  the  0.05  level  according  to  Duncan's  New 
Multiple  Range  Test.  There  was  a  significant  interaction  between  crop 
and  seeding  date  at  Reedsville  in  1985. 

Dry  matter  yields  of  winter  rye  harvested 
in  early  winter  and  spring 

Dry  matter  yields  of  winter  rye  cultivars  that  were  planted  in 
mid-September  1983  and  harvested  in  December  1983  and  April  1984 
are  shown  in  Table  7.  Yields  of  winter  rye  cultivars  harvested  in 
December  1983  were  similar  at  each  location.  Average  forage  yields 
were  953  and  574  \h.  per  acre  at  Reedsville  and  Morgantown,  respec- 
tively. Harvesting  at  this  time  (December)  reduced  April  yields  com- 
pared with  those  of  winter  rye  cultivars  harvested  only  in  April  1984 
(Table  6).  However,  the  total  yields  of  rye  forage  harvested  in  Decem- 
ber 1983  and  April  1984  at  Morgantown  and  Reedsville  were  similar 
to  those  of  rye  cultivars  harvested  in  April  1984  only. 

Dry  matter  yields  of  winter  forages  harvested 
in  late  spring 

Dry  matter  yields  of  Abruzzi  rye  planted  either  in  early  October 
(5,573  lb.  per  acre)  or  mid-October  (3,048  lb.  per  acre)  at  Morgantown 
(Table  8)  and  harvested  for  the  first  time  22  May  1984  were  higher  than 
those  obtained  with  Wheeler  rye.  However,  yield  of  Wheeler  rye 
planted  in  mid-September  was  3.3%  higher  than  that  of  Abruzzi  rye. 
Total  dry  matter  yields  of  the  winter  rye  cultivars  harvested  for  the  first 
time  in  May,  and  those  harvested  in  December  and  May,  were  about 
two  times  greater  than  the  yields  of  rye  cultivars  harvested  in  April  and 
May,  and  those  harvested  in  December,  April,  and  May.  Yields  of 
Wheeler  rye  regrowth  from  April  and  second  regrowth  from  April  of 
plots  also  harvested  in  December  were  59  and  57%,  respectively, 
higher  than  those  of  Abruzzi  rye.  This  difference  may  be  in  part 
attributed  to  more  tillering  of  Wheeler  rye  during  regrowth  periods. 

Comparison  of  the  two  winter  legumes  shows  that  dry  matter  yield 
of  hairy  vetch  planted  in  mid-September  and  harvested  in  May  1984 
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Table  7.  Dry  matter  yields  of  winter  rye  forages  harvested  in 
December  1983  and  April  1984. 


Crop 


Harvest  date 


Yield 


Abruzzi  rye 
Wheeler  rye 

Abruzz  i  rye 
Wheeler  rye 


Abruzzi  rye 
Wheeler  rye 

Abruzzi  rye 
Wheeler  rye 


Morgantown 

2  December  1983 
2  December  1983 

20  Apri I  1984 
20  Apri I  1984 

Reedsvi lie 

1  December  1983 
1  December  1983 

27  April   1984 
27  Apri I   1984 


(lb.  p>er  acre) 


532  c 

615  c 

1,284  a 

822  b 


*? 


Q}JS^^ 


-r?^ 


1,026  b 
880  b 

2,353  ^ 
2,325  a 


7  O^^ 


*Within  columns  at  each   location,  values  followed  by  the  same 
letter  did  not  differ  at  the  0.05  probability  level  using 
Duncan's  New  Multiple  Range  Test. 


(3,481  lb.  per  acre)  was  43%  higher  than  that  of  field  pea.  Dry  matter 
yields  of  the  legume  crops  were  similar  when  planted  later  (early  and 
mid-October). 

Forage  digestibility 

In  general,  IVDMD  increased  as  seeding  date  was  delayed  from 
mid-September  to  mid-October  during  both  years  and  at  all  locations 
(Table  9).  Differences  Jimong  crops  appeared  to  be  associated  with 
stage  of  maturity  at  harvest  time.  Abruzzi  rye  matured  earlier  than 
Wheeler  rye,  and  hairy  vetch  matured  earUer  than  field  pea. 

During  1983-1984,  the  highest  IVDMD  values  at  Morgantown 
(85.3%)  and  Reedsville  (88.4%)  were  obtained  with  Wheeler  rye 
planted  in  mid-October,  and  field  pea  plzinted  in  mid-September, 
respectively.  During  the  second  year  the  highest  IVDMD  values  at 
Reedsville  (86%)  and  Morgantown  (81.6%)  were  obtained  when  field 
pea  was  planted  in  mid-October.  The  highest  IVDMD  value  at  Point 
Pleasant  was  obtained  when  Wheeler  rye  was  planted  in  mid-  October. 
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Table  8.  Dry  matter  yields  of  field  pea,   hairy  vetch  and  winter 
rye  at  Morgantown  during  the  1983-1984  period. 


Harvest  dates 

Total 
Yield 

Crop 

Decefnber 

1983        April   1984 

May  1984 

lU          rs^- 

— LD.   per 

acre 

Planted  mid-Septefrber 

Abruzzi   rye 

... 

1,935 

5,813 

807 

5,813 
2,742 

532 

— 

4,614 

5,146 

532 

1,284 

780 

2,596 

Wheeler  rye 

— 

1,051 

6,002 
1,281 

6,002 
2,332 

615 

— 

4,786 

5,401 

615 

822 

1,227 

2,665 

Field  pea 

::: 

877 

2,442 

2,442 

Hairy  vetch 

"■" " 

1,591 

3,481 

1,591 
3,481 

Planted  early  October 

Abruzzi   rye 

... 

1,603 

5,573 

914 

5,S7]U^ 
2,517 

Wheeler  rye 

— 

815 

4,158 
1,569 

4,158 
2,384 

Field  pea 
Hairy  vetch 

... 

Planted  mii 

1,839 
1,985 

d-October 

1,839 
1,985 

Abruzzi   rye 

... 

498 

3,048 
896 

1,394 

Wheeler  rye 

— 

248 

2,921 
1,396 

2,921 
1,644 

Field  pea 
Hairy  vetch 

... 

--- 

897 
761 

897 
761 
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Table  9.  In  vitro  dry  matter  digestibility  of  field  pea,  hairy  vetch 
and  winter  rye  forages  harvested  in  April  1984  and  April  1985. 


Seeding  date 

Crop 

Mid-Septent>er  Early  October  M 

id-October 

fl/S       .. 

Ca; 

Morgantown- 

1984 

Field  pea 

84.8  a* 

— 



Hairy  vetch 

81.8  b 

— 

— 

Abruzzi  rye 

73.8  c 

75.8  b 

79.9  b 

Wheeler  rye 

82.6  b 

82.3  a 
Reedsville- 

1984 

85.3  a 

Field  pea 

88.4  a 



... 

Hairy  vetch 

83.4  b 

— 

... 

Abruzzi  rye 

72.7  d 

76.5  b 

79.0  b 

Wheeler  rye 

80.2  c 

80.5  a 
Morgantown- 

1985 

83.7  a 

Field  pea 

76.6  a 

78.1  a 

81.6  a 

Hairy  vetch 

75.4  a 

72.9  b 

73.4  b 

Abruzzi  rye 

61.1  c 

61.3  c 

62.3  c 

Wheeler  rye 

72.3  b 

73.0  b 

73.7  b 

Reedsvi lie- 1985 


Field  pea 

83.2  a 

84.6  a       86.0  a 

Hairy  vetch 

78.7  b 

81.0  b 

Abruzzi  rye 

65.1  d 

69.2  d       72.3  c 

Wheeler  rye 

75.3  c 

78.3  c       80.7  b 
Point  Pleasant -1985 

Field  pea 

— 



Hairy  vetch 

— 

—          — 

Abruzzi  rye 

63.9  b 

65.5  b       68.1  b 

Wheeler  rye 

78.2  a 

78.0  a       80.3  a 

*Within  columns  at  each  location,  values  followed  by  the  same 
letter  did  not  differ  at  the  0.05  probability  level  using 
Duncan's  New  Multiple  Range  Test. 
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The  IVDMD  values  of  field  pea  were  always  higher  than  those  of 
hairy  vetch,  for  all  seeding  dates,  locations  and  years.  Similarly, 
IVDMD  values  of  Wheeler  rye  were  always  higher  than  those  of  the 
earlier-maturing  Abruzzi  rye.  The  IVDMD  values  of  winter  rye  cul- 
tivars  planted  in  mid-September  1983  and  harvested  in  December  1983 
and  AprU  1984  ranged  from  75.8  to  83.1  (Table  10). 

Delaying  harvest  of  winter  rye  cultivars  from  late  April  to  late  May 
resulted  in  a  decrease  of  m  v/fro  dry  matter  digestibihty  (Table  11)  from 
73^8%io472%^  fox  Abruzzi  rye,  and  from  82.6  to  52.8%  for  Wheeler 
rye.  Rye  forage  harvested  at  an  advanced  stage  of  maturity  in  late  May 
would  not  meet  the  maintenance  requirements  of  most  Uvestock.  The 
IVDMD  values  of  winter  legumes  harvested  for  the  first  time  in  May 
1984  at  Morgantown  ranged  from  69.6  to  73.3%  (Table  11). 

Crude  protein  of  winter  forages  harvested  in  early  spring 

Crude  protein  concentrations  of  the  forage  legumes  were  greater 
than  those  of  the  winter  ryes  at  all  locations  (Table  12).  Results 
obtained  for  the  rye  cultivars  in  1983-1984  generally  showed  increasing 
crude  protein  concentrations  as  seeding  date  was  delayed.  Results 
were  not  consistent  in  1984-1985. 

During  1983-1984,  the  highest  crude  protein  concentrations  at 
Morgantown  (27.0%)  and  Reedsville  (26.6%)  were  obtained  when 
field  peas  were  planted  in  mid-September.  These  values  were  sig- 
nificantly higher  thcin  those  of  other  forages.  Comparison  of  the  two 
rye  cultivars  (Table  12)  shows  that  the  average  crude  protein  con- 
centrations of  Wheeler  rye  at  Morgantown  (14.8%)  and  Reedsville 
(18.0%)  for  the  first  year  were  significantly  higher  than  the  average 
crude  protein  values  of  Abruzzi  rye  at  Morgantown  (11.0%)  and 
Reedsville  (15.3%),  respectively.  However,  at  all  these  levels,  the 
protein  requirements  in  the  total  ration  for  a  beef  cow  (dry  pregnant 
or  lactating)  or  ewe  would  be  met,  as  established  by  NRC  standards 
(NRC  1984, 1985). 

During  the  1984-1985  year,  the  highest  crude  protein  concentra- 
tions at  Morgantown  (22.6%)  and  Reedsville  (26.0%)  were  for  hairy 
vetch  planted  in  mid-September.  The  crude  protein  concentrations 
(Table  12)  were  not  affected  by  seeding  dates  as  in  the  previous  year, 
with  the  exception  of  crude  protein  in  hairy  vetch  at  Morgantown  which 
decreased  from  22.6%  when  planted  in  mid-September  to  17.3%  when 
planted  later.  Again,  at  all  locations,  the  crude  protein  concentrations 
of  Wheeler  rye  were  significantly  higher  than  those  of  Abruzzi  rye.  The 
lower  crude  protein  concentrations  of  Abruzzi  rye  may  be  associated 
with  a  "dilution  effect."     Numerous  reports  in  the  Uterature  have 
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Table  10.     Crude  protein  and  in  vitro  dry  matter  digestibility  values 
of  winter  rye  harvested  in  December  1983  and  April   1984. 


Crop 

Harvest  date 

Crude  protein 

IVDMD 

(%) 

<%) 

Morgantown 

Abruzzi 
Wheeler 

rye 
rye 

2  December  1983 
2  December  1983 

21.4  a* 
21.8  a 

79.2  b 

79.3  b 

Abruzzi 
Wheeler 

rye 
rye 

20  April  1984 
20  April  1984 

Reedsv 

10.5  c 
13.1  b 

ille 

n.i  c 

83.1  a 

Abruzzi 
Wheeler 

rye 
rye 

1  December  1983 
1  December  1983 

28.8  a 
27.1  a 

80.9  a 
81.6  a 

Abruzzi 
Wheeler 

rye 
rye 

27  April  1984 
27  April  1984 

14.8  c 
17.4  b 

75.8  b 
81.0  a 

*Within  colunns  at  each   location,  values  followed  by  the  same 
letter  did  not  differ  at  the  0.05  probability  level  using 
Duncan's  New  Multiple  Range  Test. 


indicated  a  negative  correlation  between  crude  protein  and  dry  matter 
yield  and  between  crude  protein  and  maturity. 

The  relatively  low  crude  protein  values  of  winter  ryes  in  this 
experiment  are  similar  to  those  obtained  by  Brown  and  Almodares 
(1976)  with  three  winter  rye  cultivars  planted  21  September  and  har- 
vested 10  April  in  Georgia.  In  general,  the  crude  protein  percentages 
obtcdned  for  rye  forage  hcirvested  in  mid  to  late  April  met  the  minimum 
requirements  for  many  classes  of  Uvestock, 

Crude  protein  of  winter  rye  harvested 
in  early  winter  and  spring 

Crude  protein  concentrations  of  winter  rye  cultivars  that  were 
planted  in  mid-September  1983  and  harvested  in  December  1983  and 
April  1984  are  shown  in  Table  10.  Crude  protein  concentrations  of 
winter  rye  cultivars  harvested  in  December  1983  ranged  from  21.4  toj 
28.8%.  These  values  are  comparable  to  those  of  winter  legumes 
planted  in  mid-September  1983  and  harvested  in  April  1984  at  Mor- 
gantown and  Reedsville,  and  to  those  of  legumes  planted  in  September 
1984  and  harvested  in  April  1985  at  Reedsville.  Crude  protein  con- 
centrations of  winter  rye  cultivars  at  the  second  harvest  (April  1984) 
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Table  11.  In  vitro  dry  matter  digestibility  of  field  pea,  hairy 
vetch  and  winter  rye  forages  at  Morgantown  during  the  1983-1984 
period. 

Harvest  dates 


Crop 

December  1983    April  1984    May  1984 

/iy\  

\A) 

Planted  mid- September 

Abruzzi  rye 

—          — 

47.2 

73.8 

61.1** 

79.2 

43.8 

79.2          77.7* 

60.9*** 

Wheeler  rye 

—          — 

52.8 

82.6 

64.7** 

79.2 

54.5 

79.2         83.1* 

64.7*** 

Field  pea 

84.8 

— 

—          — 

71.9 

Hairy  vetch 

81.8 

... 

—          — 

69.6 

Planted  early  October 

Abruzzi  rye 

—          — 

44.8 

75.8 

59.1** 

Wheeler  rye 

..- 

52.9 

82.3 

62.9** 

Field  pea 

... 

72.4 

Hairy  vetch 

Planted  mid-October 

71.3 

Abruzzi  rye 



50.2 

79.9 

61 .3** 

Wheeler  rye 

—          — 

55.2 

85.3 

61.2** 

Field  pea 

... 

73.3 

Hairy  vetch 

70.3 

*  Digestibility  of  regrowth  from  plots  harvested  in  December. 
**  Digestibility  of  regrowth  from  plots  harvested  in  April. 
***  Digestibility  of  second  regrowth  from  plots  harvested  in 
December  and  Apr  i I . 
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Table  12.  Crude  protein  concentrations  of  field  pea,  hairy  vetch 
and  winter  rye  forages  harvested  in  April  1984  and  April  1985. 


Seeding  date 

Crop 

Mid- September  Early  October 

Mid-October 

/o/\      

v*; 

Morgant own- 1984 

Field  pea 

27.0  a* 

— 

— 

Hairy  vetch 

25.1  b 

... 

— 

Abruzzi  rye 

10.4  d 

10.2  b 

12.3  b 

Wheeler  rye 

13.0  c 

13.9  a 
Reedsvi lie- 1984 

17.4  a 

Field  pea 

26.6  a 

— 



Hairy  vetch 

24.8  b 

— 

— 

Abruzzi  rye 

14.9  d 

15.4  b 

15.6  b 

Wheeler  rye 

17.1  c 

18.2  a 
Morgantown-1985 

18.6  a 

Field  pea 

16.3  b 

15.7  a 

16.4  a 

Hairy  vetch 

22.6  a 

17.4  a 

17.2  a 

Abruzzi  rye 

9.3  d 

8.4  c 

8.5  c 

Wheeler  rye 

12.6  c 

11.6  b 
Reedsvi lie- 1985 

10.7  b 

Field  pea 

25.0  a 

25.4  a 

23.6  a 

Hairy  vetch 

26.0  a 

22.4  b 

... 

Abruzzi  rye 

11.0  c 

10.8  d 

13.3  c 

Wheeler  rye 

13.9  b 

14.4  c 
Point  Pleasant- 1985 

15.2  b 

Field  pea 

— 





Hairy  vetch 

— 

— 

— 

Abruzzi  rye 

7,2  b 

6.9  b 

7.1  b 

Wheeler  rye 

10.0  a 

10.5  a 

9.9  a 

*Within  columns  at  each  location,  values  followed  by  the  same 
letter  did  not  differ  at  the  0.05  probability  level  using 
Duncan's  New  Multiple  Range  Test. 
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were  significantly  lower  than  those  of  the  first  hztrvest  (December  1983) 
£ind  similar  to  those  of  winter  rye  cultivars  (Table  11)  planted  on  the 
same  date  (mid-  September  1983)  and  harvested  only  in  April  1984. 

Crude  protein  of  winter  forages  harvested  in  late  spring 

Crude  protein  concentrations  of  the  winter  rye  cultivars  har- 
vested for  the  first  time  in  May  1984,  or  with  a  previous  harvest  in 
December  1983,  at  Morgantown,  ranged  from  3.9  to  6.9%  (Table  13). 
At  these  levels,  rye  forage  would  have  to  be  supplemented  to  meet  the 
protein  requirements  in  the  total  ration  of  growing  heifers  (11%  and 
9.2%  for  heifers  weighting  730  and  1,460  lb.,  respectively)  or  lactating 
beef  cow  (9.2%  total  protein)  of  average  milking  abiUty  as  estabUshed 
by  NRC  standards  (NRC  1984).  Crude  protein  concentrations  of 
winter  rye  cultivars  harvested  in  May  were  significantly  lower  than 
those  obtained  with  the  same  cultivars  harvested  in  April.  Crude 
protein  concentrations  of  the  winter  legumes  harvested  in  May  ranged 
from  20.4  to  24.1%.  These  legume  forages  may  be  used  to  meet  the 
protein  requirements  (16-18%  total  protein)  for  high-producing  dairy 
cattle  (NRC,  1988).  Hairy  vetch  planted  in  mid-September  or  a  mix- 
ture of  hairy  vetch  and  winter  rye  may  be  a  better  alternative  than 
winter  rye  alone  when  the  forage  is  to  be  used  in  late  spring. 

Ground  cover 

Seeding  date  had  a  significant  effect  on  ground  cover  provided  by 
the  winter  legumes  during  1983-1984  (Table  14).  Ground  cover 
decreased  as  seeding  date  wjis  delayed,  which  was  a  reflection  of  the 
effect  of  cold  temperature  on  plant  development.  The  highest  percent- 
ages of  ground  cover  at  Morgantown  (92.5%)  and  Reedsville  (48%) 
were  obtained  when  hairy  vetch  was  planted  in  mid-September. 

During  the  second  year  of  the  study,  ground  cover  was  estimated 
visually  at  monthly  intervals  during  the  growing  period  for  each  crop. 
Data  obtained  are  presented  in  Tables  15  to  17.  As  in  1983-1984, 
seeding  date  had  a  significant  effect  on  ground  cover  and  there  were 
some  significant  interactions  between  seeding  date  and  cultivars.  In 
general,  the  winter  rye  cultivars  provided  more  ground  cover  than  the 
legumes  during  the  winter  season.  The  percentage  of  ground  cover  at 
harvest  time  at  Morgantown  was  always  higher  than  80%  with  both 
winter  rye  cultivars,  zmd  higher  than  74%  at  Reedsville  and  Point 
Pleasant  when  planted  in  either  mid-September  or  in  early  October. 
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Table  13.  Crude  protein  of  field  pea,  hairy  vetch  and  winter 
rye  forages  at  Morgantown  during  the  1983-1984  period. 


Harvest  dates 

Crop 

December  1983    April  1984    May  1984 

fO/\       

^JJJ 

Planted  mid-Septeniaer 

Abruzzi  rye 

—          — 

4.6 

10.4 

12.0 

21.4 

3.9 

21.4          10.5 

10.9 

Wheeler  rye 

— 

5.0 

13.0 

12.5 

21.8 

6.5 

21.8          13.1 

11.1 

Field  pea 

27.0 

— 

— 

22.9 

Hairy  vetch 

25.1 

... 

—           — 

20.9 

Planted  early  October 

Abruzzi  rye 

— 

4.1 

10.2 

10.9 

Wheeler  rye 

—           — 

6.3 

13.9 

11.7 

Field  pea 

... 

20.4 

Hairy  vetch 

Planted  mid-October 

22.8 

Abruzzi  rye 

— 

5.1 

12.3 

10.4 

Wheeler  rye 

... 

6.9 

17.4 

9.4 

Field  pea 

... 

22.8 

Hairy  vetch 

24.1 
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Table  14,  Ground  cover  provided  by  field  pea  and  hairy  vetch  in 
April  1984. 

Seeding  date 

Mid-    Early   Mid-       Mid-   Early    Mid- 
Crop         Sept    Oct    Oct       Sept   Oct     Oct 


(%)  

Morgantown  Reedsville 

Field  pea     69.5  b*  37.3  a  16.5  a  41.8  b  16.8  a   4.3  a 

Hairy  vetch    92.5  a   43.5  a  13.5  a  48.0  a  17.5  a   3.0  a 


*Means  within  a  colum  followed  by  the  same  letter  are  not 
significantly  different  at  the  0.05  probability  level  using 
Duncan's  New  Multiple  Range  Test. 


Table  15.  Groind  cover  of  field  pea,  hairy  vetch  and  winter  rye 
at  Morgantown  during  the  1984-1985  period. 


One  month 

Two  months 

Seeding 

after  seeding 

after  seeding 

March 

Apri  I 

Crop 

date 

1984 

198^ 

y 

198! 

> 

1985 

f'V\ 

Field  pea 

Mid-Sept 

25  e* 

54 

f 

53 

ef 

49  ef 

Early  Oct 

49  be 

64 

de 

60 

de 

60  cde 

Mid-Oct 

43  cd 

48 

f 

43 

fg 

39  f 

Hairy  vetch 

Mid-Sept 

22  e 

56 

ef 

63 

cde 

65  cd 

Early  Oct 

47  c 

62 

de 

55 

e 

68  be 

Mid-Oct 

41  cd 

45 

f 

41 

g 

52  def 

Abruzzi  rye 

Mid-Sept 

37  d 

89 

ab 

89 

a 

82  ab 

Early  Oct 

55  ab 

78 

c 

76 

be 

84  a 

Mid-Oct 

56  a 

71 

cd 

70 

bed 

80  ab 

Wheeler  rye 

Mid-Sept 

39  d 

92 

a 

92 

a 

87  a 

Early  Oct 

59  a 

80 

be 

83 

ab 

82  ab 

Mid-Oct 

58  a 

71 

cd 

72 

bed 

83  ab 

*Means  within  a  column  followed  by  the  same  letter  are  not 
significantly  different  at  the  0.05  probability  level  using 
Duncan's  New  Multiple  Range  Test. 
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Table  16.  Ground  cover  of  field  pea,  hairy  vetch  atxi  winter  rye 
at  Reedsville  during  the  1984-1985  period. 

One  month     Two  months 
Seeding   after  seeding  after  seeding  March  April 
Crop        date        1984         1984      1985   1985 


Field  pea 

Mid- Sept 

22  g* 

49 

cd 

31  ef 

49  e 

Early  Oct 

43  b 

58 

b 

37  de 

74  be 

Mid-Oct 

29  f 

33 

e 

8  g 

30  f 

Hairy  vetch 

Mid- Sept 

22  g 

49 

cd 

34  e 

72  c 

Early  Oct 

42  be 

56 

be 

21  f 

60  d 

Mid-Oct 

19  g 

24 

f 

2  g 

9  g 

Abruzzi  rye 

Mid- Sept 

37  de 

90 

a 

74  b 

74  be 

Early  Oct 

72  a 

88 

a 

82  ab 

81  abe 

Mid-Oct 

33  e 

43 

d 

45  d 

59  de 

Wheeler  rye 

Mid- Sept 

39  c 

94 

a 

88  a 

84  ab 

Early  Oct 

74  a 

88 

a 

92  a 

87  a 

Mid-Oct 

40  bed 

53 

b 

58  c 

71  c 

*Means  within  a  column  followed  by  the  same  letter  are  not 
significantly  different  at  the  0.05  probability  level  using 
Duncan's  New  Multiple  Range  Test. 


Table  17.  Ground  cover  of  field  pea,  hairy  vetch  and  winter  rye 
at  Point  Pleasant  during  the  1984-1985  period. 


Crop 

Seeding 
dates 

One  month 
after  seeding 
1984 

Two  months 

after  seeding 

1984 

March 
1985 

Apri  I 
1985 

_  tV\     .. 

Qa; 

Field  pea 

Mid- Sept 
Early  Oct 
Mid-Oct 

30 
38 
48 

h* 

g 

f 

80  c 
66  d 

35  e 

18  d 

19  d 

1  e 

2  e 
2  e 

Hairy  vetch 

Mid- Sept 
Early  Oct 
Mid-Oct 

28 
36 
48 

h 

9 

f 

84  be 
69  d 

34  c 

18  d 

19  d 

12  d 
4  e 
6  de 

Abruzzi  rye 

Mid- Sept 
Early  Oct 
Mid-Oct 

60  e 
67  cd 
77  ab 

93  a 

90  ab 

77  ab 
75  b 
72  b 

81  a 
78  ab 
72  b 

Wheeler  rye 

Mid- Sept 
Early  Oct 
Mid-Oct 

66 
72 
79 

d 

be 

a 

94  a 
93  a 

86  a 

87  a 
72  b 

82  a 
80  a 
64  e 

*Means  within  a  column  followed  by  the  same  letter  are  not 
significantly  different  at  the  0.05  probability  level  using 
Duncan's  New  Multiple  Range  Test. 
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Summary  and  Conclusions 

The  effects  of  mid-September,  early  October,  and  mid-October 
seeding  dates  and  early  December,  late  April  jmd  late  May  harvest 
dates  on  dry  matter  yield,  crude  protein,  in  vitro  dry  matter  digest- 
ibility, and  ground  cover  of  Wrens  Abruzzi  and  Wheeler  rye  cultivju^s, 
common  hairy  vetch,  and  Austrian  winter  field  pea  were  determined 
in  field  experiments  at  Morgzmtown  and  Reedsville,  West  Virginia, 
from  September  1983  to  April  1985  and  at  Point  Pleasant,  West 
Wginia,  from  September  1984  to  April  1985.  The  experimental  design 
for  the  fall  seeding  date  experiments  was  a  spht  plot  with  four  repUca- 
tions.  Treatments  included  a  factorial  arrangement  of  three  seeding 
dates  and  four  cultivars.  Rye  cultivars  were  harvested  between  boot 
and  early  flowering  stages  and  legumes  were  harvested  between  bud 
and  early  flowering  in  late  April.  Rye  cultivars  planted  in  mid-Septem- 
ber 1983  were  also  harvested  in  December  1983.  An  additional  harvest 
of  all  crops  was  made  in  late  May  1984  at  Morgantown. 

Dry  matter  yields  of  Abruzzi  rye  harvested  in  early  spring  (late 
April)  were  higher  than  those  of  Wheeler  rye  at  all  seeding  dates  £md 
locations  with  one  exception.  At  Reedsville  in  1984-1985  Abruzzi  rye 
seeded  in  mid-September  was  severely  infected  with  the  snow  mold 
fungus  {Gerlachia  spp.).  As  a  result,  its  yield  for  that  seeding  date  was 
lower  than  the  yield  of  Wheeler  rye.  The  cooler  than  normal  tempera- 
tures that  occurred  during  January  zmd  February  1985  and  snowfall 
that  covered  the  ground  for  almost  six  weeks  at  Reedsville  created  ideal 
environmental  conditions  for  development  of  snow  mold  disease. 
Yields  of  Abruzzi  rye,  when  planted  in  mid-September  1983  and 
harvested  in  April  1984,  at  Reedsville  and  Morgantown,  were  17%  and 
84%,  respectively,  higher  than  those  of  Wheeler  rye.  However,  yield 
of  Wheeler  rye  (6,002  lb.  per  acre)  was  3.3%  higher  than  that  of  Abruzzi 
rye  when  harvested  in  late  May  at  Morgantown.  Mezm  yields  of  rye 
forage  for  the  mid-September,  early  October,  and  late  October  plant- 
ing dates  were_^2j808,  2,658,  and  1,782  lb.  per  acre,  respectively,  when 
harvested  in  late  April.  Both  winter  rye  varieties  provided  good 
ground  cover  (>78%)  during  winter  and  early  spring  when  they  were 
planted  by  early  October. 

Yields  of  the  winter  rye  cultivars  were  significantly  higher  than 
ose  of  the  winter  legumes.  At  Morgantown  and  Reedsville,  mean 
yields  for  field  pea  and  hairy  vetch  planted  in  mid-  September  and 
harvested  in  late  April  were  670  and  934  lb.  per  acre,  respectively. 
Yields  of  hairy  vetch  and  field  pea  planted  in  mid-September  1983  and 
harvested  in  late  May  1984  were  3,481  and  2,442  lb.  per  acre,  respec- 
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lively.  Field  pea  yielded  more  than  hairy  vetch  when  plantings  were 
made  in  early  or  late  October  although  yields  were  low  for  these 
planting  times.  Forage  yields  of  legumes  during  the  second  year  (April 
harvest)  were  low  for  all  locations  and  seeding  dates.  Few  legume 
plants  estabUshed  and  survived  the  winter  at  Point  Pleasant  because  of 
the  excessively  drained  sandy  soil  and  lack  of  snow  cover. 

In  general,  IVDMD  of  forage  increased  as  seeding  date  was 
delayed  from  mid-September  to  mid-October  during  both  years  and  at 
all  locations.  Differences  among  crops  appeared  to  be  associated  with 
stage  of  matiu"ity  at  harvest  time.  Abruzzi  rye  matured  earlier  than 
Wheeler  rye,  and  hairy  vetch  matured  ezirUer  than  field  pea.  The 
IVDMD  values  of  winter  rye  cultivars  that  were  planted  in  mid-Sep- 
tember 1983  and  harvested  in  December  1983  and  April  1984  ranged 
from  75.8  to  83,1%,  Delaying  harvest  of  winter  rye  cultivars  from  late 
April  to  late  May  at  Morgantown  resulted  in  a  decrease  in  IVDMD 
from  73,8%  to  47,2%  for  Abruzzi  rye,  and  from  82,6%  to  52,8%  for 
Wheeler  rye.  The  IVDMD  values  of  winter  legumes  harvested  for  the 
first  time  in  May  1984  at  Morgantown  remged  from  69,6  to  73,3%. 

As  expected,  crude  protein  concentrations  of  the  forage  legumes 
were  greater  than  those  of  the  winter  ryes  harvested  in  early  spring  at 
all  locations.  Crude  protein  for  the  rye  cultivars  in  1983-1984  increased 
as  seeding  date  was  delayed.  Crude  protein  values  obtained  with  the 
rye  cultivars  harvested  for  the  first  time  in  May  or  with  a  previous 
harvest  in  December  1983,  at  Morgantown,  ranged  from  3,9  to  6.9%, 
At  these  levels,  the  protein  requirements  in  the  total  ration  of  growing 
heifers  or  lactating  beef  cow  of  average  milking  ability  would  not  be 
met.  Crude  protein  concentrations  of  winter  legumes  hzu^ested  in  late 
May  ranged  from  20,4  to  24.1%.  These  legumes  may  be  used  to  meet 
protein  requirements  of  high-producing  dairy  cattle. 

Our  studies  indicate  that  Abruzzi  rye  should  be  harvested  earUer 
th£in  Wheeler  rye  to  optimize  yield  of  quaUty  forage.  Forage  quality  of 
both  varieties  decreases  rapidly  once  heading  begins.  Rye  varieties 
should  be  chosen  based  upon  expected  planting  date  of  corn.  Abruzzi 
rye  should  be  the  choice  if  corn  is  planted  early  in  spring  and  Wheeler 
rye  the  choice  if  corn  or  other  row  crops  are  planted  later.  Rye  should 
be  planted  on  or  before  October  1.  Winter  annual  legumes  should  be 
planted  in  mid-September  or  earUer  because  they  estabUsh  slowly. 
Hairy  vetch  and  field  pea  provided  a  significant  amount  of  quahty 
forage  when  harvest  was  delayed  until  late  May, 
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